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FUEL HANDLING ACQESS@RIES fh. ginny . 


HE CARBURETOR of an aircraft reciprocating 

engine is a complex fuel-metering unit which con- 
trols the rate of flow of air into the engine and accu- 
rately proportions the fuel supply accordingly. The 
device must operate smoothly under high acce slerations: 
in combat aircraft it must be able to function in all 
possible physical positions and to undergo great changes 
in altitude. Accurate adjustment and calibration be- 
fore installation are thus necessary for optimum engine 
performance and _ constitute important maintenance 
problems for the military services. 

To provide basic knowledge in this field, the National 
Bureau of Standards has for the past 12 years con- 
ducted an extensive program of research and develop- 
ment under the sponsorship of the Bureau of Aero- 
nautics of the Department of the Navy. The NBS 
investigations, now under the direction of M. R. Shafer 
of the Bureau's combustion laboratory, have covered 
not only aircraft carburetors and their component parts 
but also vane-type engine-driven fuel pumps, turbojet 
fuel-control units, and instrumentation for the adjust- 
ment and calibration of these devices. Much new in- 
formation regarding the factors which affect aircraft- 
carburetor operation has been obtained. In the course 
of the work, a technique has been developed for boring 
carburetor jets to very close tolerances, and greatly im- 
proved test procedures have been worked out for air- 
craft fuel handling and metering accessories. 

Among the more critical components of the aircraft 
carburetor are the fuel metering jets, the sizes and flow 
characteristics of which influence directly the amount 
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of fuel supplied to the engine. Before World War II, 
fuel metering jets were sized and calibrated by actual 
measurement of the volume of gasoline which each 
would pass in unit time under a specified constant head. 
This method was not only slow and inaccurate but was 
also quite hazardous. To meet these objections, E. F. 
Fiock of NBS and M. H. de Bruin of the Bureau of 
Aeronautics designed and constructed an Orifice Com- 
parator which uses compressed air instead of gasoline 
as the test fluid. This instrument is safe, accurate, and 
convenient for sizing all types of fuel metering jets 
used in aircraft carburetors. 

Once this device for sizing jets had come into use, 
the problem of supplying jets of all sizes needed in 
overhaul shops became critical, and a need developed 
for some means whereby a jet of given size could be 
produced in the shop. NBS therefore undertook to 
develop cutting tools with which blank or undersize 
jets could be bored by inexperienced operators to flow 
within the desired narrow flow range. 

As a first step, it was necessary to determine the rela- 
tive effect of the various jet dimensions upon metering 
characteristics. Hundreds of special jets having vari- 
ous configurations were constructed and tested on the 
conventional constant-head jet flowmeter, with the 
Orifice Comparator, and in a special NBS variable-heat 
jet flowmeter. This latter apparatus determines, with 
an accuracy of a few tenths of one percent, the volume 
flow rate of liquids through submerged restrictions at 
any desired head within the range of 15 to 1,500 centi- 
meters of the test liquid. It was found that the im- 


33 









Test bench developed by NBS for study of aircraft carbu- 
retor performance under altitude conditions. Assembled 
carburetor is placed in small altitude chamber (upper 
left), and uncompensated metering suctions are applied 
to air control circuit. 


portant parameters are the shape of the approach edge 
of the jet and the diameter and length of the throat. 
Other factors, such as the roughness of the throat and 
the shape of the exit, were shown to exert only a sec- 
ondary influence on flow characteristics. 

On the basis of these results, NBS designed boring 
tools which form both the approach edge and the jet 
throat in a single operation. Their use requires little 
experience on the part of the operator and provides a 
convenient method of boring carburetor jets to very 
close tolerances. Fifty sets of the new jet boring tools 
have been placed in Navy service, thereby reducing 
the need for stocking large supplies of finished jets. 

The Bureau’s experience in testing aircraft carbure- 
tors on conventional flow benches had indicated the 
need of improved test equipment that would permit 
checking of the air-control circuit of the completely as- 
sembled carburetor under both sea-level and high- 
altitude conditions. The air-box method of testing car- 
buretors requires large vacuum pumps, an intricate 
altitude chamber, and a complicated test procedure. 
As a substitute for this, an altitude test bench was de- 
veloped which yields all the results of the air-box 
method except the effect of the main air flow through 
the throttle body. For a test on this bench, the com- 
pletely assembled carburetor is placed in a small altitude 
chamber and uncompensated metering suctions are ap- 
plied to the air control circuit. The air density sur- 
rounding the carburetor is varied as desired, and thus 
the performance of the air-control circuit and of the 
air-density compensating unit can be checked under 
controlled conditions, as can the operation of the fuel- 
metering unit. Carburetor flow benches incorporating 
many of these alee are now being produced for the 
military services. 


Equipment developed by NBS for adjustment and ecali- 
bration of turbojet fuel controls and fuel pumps. Here 
flow through jet fuel control (center) is being read with 
aid of flowmeter (above and to right of fuel control). 
Two fuel pumps are connected to fuel control. Auto- 
matic recorder at right plots data. 
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components of the carburetor air circuit. It was found 
that the tests then in use for the air-density compensat- 
ing unit were not adequate and that regular service car- 
buretors occasionally had air leaks in the air-control 
circuit, which caused erratic engine performance. As 
a result, service test procedures have been revised to in- 
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Performance of altitude-compensating device for air- 
craft carburetors is checked by use of small altitude 
chamber (left). Completely assembled carburetor con- 
nected to test bench for study (right). 


The results obtained with the altitude test bench 
demonstrated the relative importance of the various 
clude more complete,tests of the air-density compen- 
sating unit and a leak test for the air-control circuit. 

Equipment for determining the rate of fuel flow is 
of primary importance in the adjustme nt and calibra- 
tion of fuel-control and metering devices. The float- 
type flowmeter is most commonly used for this purpose, 
and fer such use it is desirable that the meter indicate 
fuel flow with an accuracy of +0.5 percent. NBS 
has investigated a number of commercial float-type 
flowmeters to determine their accuracy, reproducibility, 
and sensitivity to changes in the physic ‘al properties of 
the test liquid. U nder properly controlled conditions, 
good meters of this type were found to indicate flow 
rates within the desired tolerance. However. some 
were affected to varying extents by changes in the 
density and viscosity of the test fluid. To meet this 
difficulty, NBS —_ procedures ' whereby, after 

calibration of a meter with a few fluids of known 
physical sncasitiians accurate corrections can be cal- 
culated fer any fluid whose properties lie within the 
range embraced by the calibrating fluids. 

To determine the se nsitivity of aircraft carburetors 
to changes in density and viscosity of the test fluid, flow 
tests were made with different fluids. It was shown 
that for accurate test work the calibrating fluid must 
have closely controlled physical properties which do 
not change during use. This indicated that a stable 
liquid hydrocarbon the properties of which do not 
change through evaporation of low-boiling constituents 
would be desirable. After investigation of numerous 
liquids, commercially available 90-percent n-heptane 
was recommended by the Bureau and adopted by the 
military services for aircraft carburetor flow tests. 

While the carburetor of reciprocating engines is 
eliminated in turbojet engines, the performance of 

‘Correcting for density and viscosity of incompres- 

sible fluids in float-type flowmeters, by Montgomery R. 


Shafer, Ernest F. Fiock, Harry L. Bovey, and Ross B. Van 
Lone, J. Research NBS 47, 227 (1951) RP2247 


turbojets is influenced considerably by the character- 
istics of the fuel spray nozzles. To learn more about 
the problem, NBS recently investigated the effects of 
such factors as the pressure drop across the nozzle and 
the density, viscosity, and surface tension of the fuel 
on the flow capacity of the nozzles.2. Within the range 
of fluid properties commonly encountered in aircraft 
operation it was found that the surface tension of the 
fluid has little effect upon the flow rate but that the 
effects of density and viscosity are significant and are 
different for nozzles of various configurations. NBS 
developed mathematical relationships by means of 
which the flow rates of a nozzle at different pressures 
and for various fluids can be predicted accurately after 
determination of the flow rates of the nozzle for a few 
liquids of known physical properties. 

The Bureau’s efforts in this field are now being con- 
centrated on the development of test benc hes for 
evaluating the performance of turbojet fuel-control 
units. Such equipment is still in the development 
stage, and much remains to be done before satisfactory 
methods and techniques can be attained. . 


*Laboratory flow tests of fixed spray nozzles with 
hydrocarbons and with air, by M. R. Shafer and H. W. 
Bovey, J. Research NBS 43, 449 (1949) RP2035, 


Variable-head flowmeter used in study of flow character- 
istics of fuel metering jets and orifices in aircraft carbu- 
retors. Cylindrical tank at top permits application of a 
variable liquid head under controlled pressure to test 
orifice, which is submerged in test liquid just below 
vertical cylinder under tank. Flow through the sub- 
merged restriction is determined by measurement of 
volume of liquid passing through device in a given time. 
Pressure on liquid head is obtained from manometers 
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Circuitry “Packages 
Electronic Computers 


Plugging one of the new NBS “cir- 
cuitry packages” into an electronic 
computer rack. Packages are 
grouped in racks of 80. Consisting 
of a few similar types that can be 
economically mass-produced, the 
packages can be combined to make 
up most of the circuitry of even 
large and complex computers. Be- 
cause of the speed with which mis- 
functioning packages can be re- 
placed, the plug-in system is ex- 
pected to result in simpler com- 
puter maintenance and better com- 
puter reliability. 


ODERN ELECTRONIC computers, like other 

highly complex electronic equipment, must have 
provisions for rapid testing and replacement of com- 
ponents if a high percentage of satisfactory operating 
time is to be attained. An electronic computer gen- 
erally contains tens of thousands of components— 
vacuum tubes, germanium diodes, and other parts— 
and hundreds of thousands of soldered connections. 
Even momentary failure of a single component or con- 
nection may cause misperformanc e and tie up hundreds 
of thousands of dollars worth of equipment. However 
high the quality of components and workmanship, fail- 
ures will occur at intervals; and the practical value of 
a complicated and costly computer may well depend in 
large measure on the speed with which troubles can 
be located and corrected. 

The Bureau, in connection with its function of re- 
search and development directed toward standardiza- 
tion of equipment to be purchased by the Government, 
has recently developed an improved system of stand- 
ardized plug-in circuitry “packages” for use in the con- 
struction of electronic computers. These rapidly re- 
placeable units, if adopted by manufacturers, promise 
to combine reduced manufacture and repair costs with 
improved computer reliability. By the proper inter- 
connection of a sufficient number of the new NBS units, 
most of the circuitry of large and complex computérs 
can be constructed. The NBS system is an extension 
of similar improvements under development by in- 
dustry. 

Developed in the NBS electronic computers labora- 
tory, the new circuit packages are being incorporated 
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in an advanced computer, designed for special experi- 
mental requirements of the Department of Defense, now 
under construction at the Bureau. Each package has 
a large number of connections brought out to con- 
nector pins, making possible the utilization of the unit 
in many different ways. A test jack at the top of each 
package helps reveal the location of the defective units; 
and as soon as a trouble-causing package is located, 
a trouble-free one can be inserted in its place. 

A distinctive feature of NBS computer design, both 
past and present, is the general similarity of most of 
the circuit stages. Although many hundreds of stages 
are required, a single basic tube circuit, with minor 
modifications, is adapted to the great majority of re- 
quirements. Thus in the Bureau’s SEAC (National 
Bureau of Standards Eastern Automatic Computer, in 
successful productive operation since June, 1950) as 
well as in the new computer, the same basic circuit 
serves as a low-impedance pulse driver, as a flip-flop, 
and for a number of gating functions. This general 
circuit uniformity invites the use of mass-produced 
circuit packages. 

The basic NBS package consists of an amplifier tube, 
a pulse transformer, and a number of germanium 
diodes. The total number of diodes required per pack- 
age may be as high as 38 (some are in parallel) , most 
of them for signal input. For economy, since not all 
prospective applications will require so many diodes, 
four slightly altered versions of the NBS unit, ‘embody- 
ing different numbers of diodes, are provided. Dif- 
ferences between the four versions are so minor that 
they do not interfere with mass production. The NBS 











packages are already being produced for the Bureau 
by a private manufacturer. 

A second type of package, identical in size to that 
containing the tube and diodes, houses de lay lines for 
interconnection between stages. Both types are de- 
signed for ruggedness, mass production, and quick 
testing and servicing by easily trained personnel. 
Etched circuitry and dip-soldering help make construc- 
tion simple and foolproof. 

The packages measure approximately | in. high by 
314 in. wide “by 7 7 in. deep. Plans for is. new NBS 
computer call for some 800 packages, plugged into 10 
chassis holding 80 packages each. The chassis will be 
mounted on racks measuring about 7 ft high by 3 ft 
wide. Each rack holds four chassis. A handle at the 
end of each package facilitates insertion and with- 
drawal. Heavy guide pins assure correct insertion and 
at the same time protect the 60 connector pins from 
accidental damage in handling. Many of the com- 
ponents in the package are connected to separate pins 
and have no connection with other components when 
the package is unplugged. This has two advantages: 
it permits flexibility in external connection and also 
permits testing of the unplugged package for faulty 
components without improvised circuit paths. The 
test jack at the top of each unit permits easy checking 
of output signals by means of an oscilloscope. 

Defective components within individual packages 
are quickly located with a special test unit. The pack- 
age is plugged into the test equipment, and a selector 
switch is rotated to obtain quick checks on the con- 


dition of each component. Trouble-free packages are 
similarly tested periodically as a routine preventive- 
maintenance measure; components whose character- 
istics have drifted beyond acceptable tolerances are 
replaced. These rapid test procedures, requiring 
specialized test equipment, are uniquely applicable 
to the standardized-package system. 

A type 6AN5 miniature beam-power tetrode is used 
for the transformer-coupled pulse amplifier that is the 
heart of each of the NBS circuitry packages. The 
transformer has a 10-to-] turns ratio, giving an ex- 
tremely low output impedance—less than 100 ohms. 
This results in a high degree of freedom from noise 
pickup and permits the use of long signal leads. 

Sufficient heat is dissipated in each of the compact 
packages to make forced-air cooling desirable, particu- 
larly since the packages are mounted close together in 
large numbers. In the new computer, air from suit- 
ably located ducts in the sides of the racks is forced 
into a hole in the side of each package. Entering air 
flows first over the temperature-sensitive germanium 
diodes, then over the heat-producing tube and resistors, 
and finally out through a hole in the end of the package. 

The standardized NBS plug-in packages will provide 
for about 90 percent of total circuitry requirements, 
exclusive of memory units, in the Bureau’s new com- 
puter. The packaged-circuitry approach is expected to 
lead to computers that are less expensive in construc- 
tion, more reliable in operation, and simpler in main- 
tenance. This should result in lower total cost per 
useful computation. 
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Third Conference on 





HIGH-FREQUENCY MEASUREMENTS 


HE THIRD High-Frequency Measurements Con- 

ference, sponsored jointly by the American Institute 
of Electrical Engineers. the Institute of Radio Engi- 
neers, and the National Bureau of Standards. was held 
in Washington, D. C., on January 14, 15, and 16, 1953. 
The Conference brought together more than 700 scien- 
tists and engineers from all parts of the United States, 
Canada. and England who are working on measurement 
problems in radio, radar, television, radio navigation, 
and other high-frequency applications. 

The growing interest and increased activity in the 
high-fre “quency measurements field was demonstrated 
by the fact that this third conference had an attendance 
about 20 percent greater than the last meeting in 1951. 
Prominent in the technical program were the many 
papers concerned with kilomegacycle equipment, the 
development of more precise measuring apparatus, and 
the utilization of microwave tec hniques for the measure- 
ment of such basic physical constants as the velocity of 
light. Further emphasis was placed on the need for 
close cooperation between those who design and build 
high-frequency equipment and those who use it. 

The Conference was under the general direction of 
E. P. Felch (Bell Telephone Laboratories, Inc.) , Chair- 
man of the Joint AIEE-IRE Committee on High-Fre- 
quency Measurements. Dr. Harold Lyons (National 
Bureau of Standards) and Dr. R. G. Fellers (Naval Re- 
search Laboratory) were Co-chairmen of the Local 
Arrangements Committee. The Technical Program 
Committee Chairman was Dr. F. Hamburger, Jr. (Johns 
Hopkins University). 

The technical sessions were divided into four general 
categories: measurement of (1) frequency of time, (2) 
power and attenuation, (3) transmission and reception. 
and (4) impedance. A luncheon session presented an 
address by Dr. Alan T. Waterman, Director of the Na- 
tional Science Foundation, on Federal aid to research in 
science and engineering. 


Session I: Measurement of Frequency and Time 


The first session, presided over by Dr. H. Lyons 
(National Bureau of Standards), was opened by Dr. 
A. V. Astin, Director of the National Bureau of Stand- 
ards. The first paper was presented by Dr. L. Essen 
(National Physical Laboratory. England) on the appli- 
cation of microwave techniques to the precise measure- 
ment of the velocity of electromagnetic waves and of 
the refractive indices of gases. The technique has 
enabled the wavelength of radio waves to be measured 
with a precision higher than 1 part in a million. The 
measurements involve the use of two microwave instru- 
ments, the cavity resonator and the hybrid T. junction. 
which are respectively the analogues of the Fabry-Perot 
and the Michelson interferometers. The value of ¢ 
(velocity of electromagnetic waves) obtained from the 
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cavity resonator method was 299,792+1.0 km/s, and 
that obtained from the Michelson interferometer method 
was 299,792 +0.7 km/s. 

A cavity resonator operating in the microwave range 
was used by W. W. Hansen, W. J. Barclay, and K. Bol 
(Stanford University) to provide a precise method of 
measuring the propagation velocity of electromagnetic 
waves. Using a cylindrical cavity resonant in the 
TE,,2 and TE»; modes, at frequenci ies near 3.000 Me, 
the provisional result obtained was c= 299,789.4+ 0.3 
kMc. The theory and experimental setup for measure- 
ment of the loaded and unloaded Q and shunt resistance 
of recentrant cavities with apertures were described 
by G. L. Hall and P. Parzen (Federal Telecommunica- 
tions Laboratory). These resonant cavity character- 
istics were obtained by using automatic control having 
high stability and resolution. Current microwave fre- 
quency calibration procedures at the National Bureau 
of Standards were summarized by A. E. Wilson (Na- 
tional Bureau of Standards). The discussion included 
the procedures involved in using the standard to cali- 
brate and establish the precision of secondary standard 
microwave cavities in the frequency range between 300 
and 60,000 Me. 

To illustrate new techniques with frequency and time 
counters, A. S. Bagley (Hewlett-Packard Co.) described 
an instrument that utilizes a 10-Mc pulse counter to 
provide frequency measurement from 0 to 20 Me with 
an accuracy of 0.1 eps+0.0001 percent. T.H. Pendle- 
ton (National Bureau of Standards) discussed the per- 
formance and reliability considerations of underground 
quartz-crystal resonators. A method of measuring 
resonator drift rate with sensitivity of the order of 2 
parts in 10’ by means of a direct voltage instead of a 
high-stability variable oscillator was explained. An 
electronic chronograph, developed by W. E. Leavitt 
(Naval Research Laboratory). makes use of the phase 
relationships of the 1,000 cycles derived from two kilo- 
cycle crystal clocks and records their time of gain or 
loss in the same manner as a spark chronograph. 


Session II: Measurement of Power and 
Attenuation 


E. W. Houghton (Bell Telephone Laboratories, Inc.) 
presided over the second session. In the first paper, 
experimental evidence was given by M. S. Tanenbaum 
(Sperry Gyroscope Co.) that supports both the experi- 
mental approach to and the statistical concept of high- 
power breakdown in transmission line components, 
Pressurized, broad-band, water terminations in rec- 
tangular waveguides were considered in an investiga- 
tion by H. H. Grimm (General Electric Co.). He con- 
cluded that a hairpin type of termination, modified to 
minimize reflections at the input end, has the best com- 
bination of desirable characteristics. In a paper on a 
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40-4,000 microwatt power meter, R. W. Lange (Bell 
Telephone Laboratories, Inc.) described a 10-kMc 
power meter that uses a bead thermistor for a power 
detector and has full scale sensitivities from +6 dbm 
(4.000 microwatts) to —14 dbm (40 microwatts) se- 
lected in db steps. High sensitivity and linear response 
of a double detection measuring system with a single 
oscillator have been obtained by D. H. Ring (Bell Tele- 
phone Laboratories, Inc.) with a system which is both 
cheaper to construct and easier to operate than the usual 
arrangement. A portion of the oscillator output is fed 
to a converter beat oscillator input, and the remainder 
of the signal eventually becomes the measuring signal. 

\ rectangular-waveguide below cut-off attenuator was 
discussed as a standard of microwave attenuation by 
R. W. Hedberg (National Bureau of Standards). The 
physical and mechanical construction, mode purity, skin 
depth correction, and input impedance variations were 
among the attenuator characteristics described. A 
broad-band precision waveguide attenuator has been 
constructed by B. P. Hand ( Hewlett-Packard Co.) . the 
performance of which is substantially independent of 
frequency, temperature, and humidity. An attenua- 
tion range of less than 1 db to more than 50 db is easily 
obtained. 


Session III: Measurement of Transmission and 
Reception 


J. W. Kearny (Airborne Instruments Laboratory) 
presided, and the session opened with a description of 
the frequency allocation plan and modulators and fre- 
quency shifters used in a transcontinental radio relay 
system. The system, reported by H. E. Curtis and 
J. B. Maggio (Bell Telephone Laboratories, Inc.), pro- 
vides six broad-band channels in each direction of 
transmission in the 4,000-Mc common carrier frequency 
band. A rectangular waveguide cavity, designed by 
N. Spencer and D. Dettinger | (Wheeler Laboratories), 
is used for external tuning of the RK—5721 reflex oscil- 
lator tube. A power output of approximately 50 milli- 
watts is available in the frequency range between 8 and 
10 Me. Recent developments on new types of wide- 
range electronically tunable oscillators were surveyed by 
S. F. Kaisel (Stanford University). Several types of 
har monic generators and detectors used experimentally 
in the region from 80 to 150 kMe were described by 

» W. Johnson (Johns Hopkins University). Quanti- 
id data were given on the performance of these 
devices when used with various driving klystrons oper- 
ating over wide —— of power. 

R. M. Page and A. Brodzynsky (Naval Research 
Laboratory) prese ibe a theoretical analysis of a 
method for the measurement of auto- or cross-corre- 
lation functions of wide-band UHF signals. Experi- 
mental results obtained with this microwave correlator 
on a 200-Mc bandwidth noise signal centered at 1.1 
kMc were also included. The results of an experiment 
conducted in an attempt to determine whether or not 
the microwave noise power of fluorescent lamps varied 
significantly with time were given by W. W. Mumferd 
(Bell Telephone Laboratories, Inc.). The basic pur- 


pose of the signal generator as a means for simulating 
an antenna was reviewed by E. Toth and L. S. Bearce 
(Naval Research Laboratory). The concept of the 
termination as a “probe” containing, in effect, an ideal 
antenna was discussed and the influence of standing 
wave ratio on equivalent antenna voltage and en signal 
generator power was considered. 


Session IV: Measurement of Impedance 


J. Gaffney (Polytechnic Research and Develop- 
me - Co.), presiding at the final session, opened the 
meeting with a paper by W. P. Peyser ( Airborne Instru- 
ments ‘Laboratory) on swept wide-range SWR indi- 
cators for 100 to 1.350 megacycles. Two instruments 
have been develeped whic h permit continuous obser- 
vation of the VSWR of rf devices over wide frequency 
ranges. Some of the balance problems encountered 
with the use of balun transformers to convert from 
balanced to unbalanced systems were discused by O. M. 
Woodward, Jr. (RCA Laboratories). A simple device. 
called the balance comparator, to measure the balance 
efficiency of baluns over a wide frequency range, was 
described. M. D. Adcock (Hughes Aircraft Co.) de- 
scribed a hybrid junction, formed by arranging the 
symmetrical arms of a conventional magic T so that 
they are contiguous and parallel to the ‘Heplane arm. 
A method for measuring the impedance in non-con- 
ventional waveguides has been developed by G. Des- 
champs (Federal Telecommunications Laboratories. 
Inc.). It involves the comparison of large reflection 
coefficients as measured on a standard standing wave 
machine connected to the waveguide. H. M. Altschuler 
and A. A. Oliner (Polytechnic Institute of Brooklyn) 
presented a precision methed for measuring dielectric 
constants and attenuation constants at microwave fre- 
quencies. The procedure is based on the representa- 
tion of lengths of dielectric-filled waveguide as lossy 
(or lossless) four-terminal structures. The final paper 
of the session was presented by H. J. Finden (The 
Plessey Co.. Ltd.). He discussed a method of synthesis 
ef frequencies and referred to equipment in which the 
frequency spectrum has been extended upward to 


100 Me. 


Supplementary List of 


Publications of NBS 


The results of NBS research, development, and test 
activities in chemistry. mathematics, physics, and 
engineering are reported in periodicals (Journal of 
Research, Technical News Bulletin, Basic Radio Propa- 
gation Predictions) and in five nonperiodical series 
(Applied Mathematics Series, Building Materials and 
Structures Reports, rites Handbooks, Miscella- 
neous Publications). A new 223-page supplement pre- 
sents a complete list of the publications, with brief 
abstracts, issued from July 1, 1947, to June 30, 1952. 
It gives subject and author indices and general publi- 
cations information. Supplement to Circular 460 may 
be obtained for 75 cents from the Government Printing 
Office. Washington 25, D. C. 
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Effect of autoclaving (heating under steam 
pressure) on mortar test bars. Control bar at 
left (portland cement and sand) has not ex- 
panded; other bars (portland cement, sand, and 
magnesian masonry cement) have expanded and 
crumbled. Autoclave test accelerates hydration 
and expansion of unhydrated magnesium oxide 
contained in masonry cement, 


A RECENT STUDY by J. W. McBurney of the Na- 
tional Bureau of Standards concludes that cracking 
of masonry walls may be caused by the gradual hydra- 
tion and expansion of mortars containing free magne- 
sium oxide (MgO). Present in large amounts in normal 
hydrated dolomitic (magnesian) limes and in some 
masonry cements, the magnesium oxide gradually com- 
bines with moisture, expanding and causing the failures. 
The Bureau’s conclusions are based on measurements 
made of expansion in experimental brick walls, on 
investigations of failures of masonry walls in certain 
buildings, and on study of published information. 
Partly as a result of earlier NBS work, the effect of 
delayed hydration of magnesium oxide in causing ex- 
pansion of concretes and of lime-gypsum finish coats on 
plaster is now well known. Delayed hydration as a 
cause of damage to brick masonry appears to have been 


Left: Measuring vertical expansion of experimental brick wNBS. 
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walls were constructed with different mortars. Distances k centers 
embedded in walls were carefully measured with a Whittemoim gage : 
a period of several years. Right: Corner of an Iowa schiilding, : 
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ices kh centers of metal plugs 
ttemoim gage at intervals over 
a schiilding, showing serious 


MASONRY CRACKING 


venerally overlooked, however. A few investigators 
have pointed to motor expansion as a source of difh- 
culty, but the tendency has been to blame mortar 
troubles almost exclusively on shrinkage. 

To help resolve uncertainties about the matter, the 
Bureau constructed two experime ental brick walls or 
7 ft high by 3 ft wide by 8 in. thick, on the NBS 
exposure test site. Mortars used were mixtures of 
portland cement and sand to which were added dolo- 
mitic hydrated limes containing high percentages of 
unhydrated magnesium oxide. Several different ce- 
ment-lime-sand mixtures were used for different faces 
of the walls. The Chicago common brick used for the 
walls had been exposed to the weather for 2 years before 
use so that hydration of any lime in the bricks was 
presumably complete ;.any change in dimensions of the 
wall could be attributed to the mortar. 


piers, 7 


Two metal 


Several of these cracking of masonry. 


damage. 


plugs were embedded in the faces of each wall, with 
vertical separations of about 20 inches. Changes in 
distance between small holes at the centers of each pair 
of plugs were measured at intervals over a period of 
nearly two years, by use of a Whittemore strain gage. 
Data thus obtained were plotted in terms of percentage 
of change in the height of the brick wall. 

All of the experimental wall faces expanded sub- 
stantially with time, by measured amounts ranging from 
about 0.32 percent to about 0.56 percent in less than 
two years. This was roughly five to ten times the ex- 
pansion shown by a comparison experimental wall in 
which the cement-lime mortar was made with high- 
calcium hydrated lime (free from unhydrated mag- 
nesium oxide). The percentage increase in height 
appeared to depend on the proportion of lime in the 


Extensive and costly brickwork failures suffered by this school re- 
sulted from use of mortar that gradually expanded; according to NBS, mortar contained 
unhydrated magnesium oxide that slowly combined with moisture, causing expansion and 
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mortar and on whether the lime was dolomitic finishing 
hydrate or dolomitic mason’s hydrate. 

Results of investigations of masonry failures in build- 
ings lead to the same conclusion as the measurements 
of the experimental walls. At about the time when the 
experimental walls were being studied, a series of seven 
masonry failures in lowa was reported to the Bureau 
by the Structural Clay Products Institute; and the 
Bureau made a careful study of one of these Iowa build- 
ings. Since then several acute cases of masonry ex- 
pansion and cracking on buildings in Wisconsin have 
been reported to NBS. The one factor common to all 
the lowa and Wisconsin buildings was the use of a 
masonry cement that contained excessive amounts of 
unhydrated magnesia. 

One structure investigated by NBS researchers was 
a two-story school with brick walls and structural clay 
tile back-up. Defects attributable to mortar difficulties 
had become noticeable within a year of construction 
and had become acute when the building was examined 
two years later. Many of the mortar joints were 
cracked; walls were bowed outward as much as 2%¢ 
inches in a 25-foot height; the corners of the concrete 
foundation had cracked; the frames of two fire-escape 
doors had lifted; windows were jammed; the corners 
of the parapet had been pushed noticeably outward: 
and the gymnasium roof, originally designed to drain 
to one corner, had shifted so that it no longer drained. 
Various other defects were visible. 

Samples of mortar from the failing walls, and also 
samples of unused masonry cement left over from the 
original construction, were analyzed and tested by lowa 
State College and by NBS. The masonry cement was 





essentially a hydraulic dolomitic hydrated lime, con- 
taining a high percentage of unhydrated magnesium 
oxide. Test bars were made from the unused masonry 
cement. When these bars were exposed to saturated 
steam under pressure for several hours, they expanded 
abnormally. From these tests and other evidence the 
NBS investigators conclude that the school’s masonry 
failures resulted from expansion that accompanied 
delayed hydration of magnesium oxide in the magnesian 
masonry cement used in the mortar. 

As a result of its investigation, the Bureau offers 
several recommendations for preventing and remedying 
masonry failures caused by this type of delayed ex- 
pansion. First, mortars should be made only from 
those masonry cements and cement-lime mixtures for 
which the linear expansions do not exceed 1.0 percent 
when tested by ASTM (American Society for Testing 
Materials) methods (ASTM C151-49). Second, in 
the absence of tests, only Type S (Special) hydrated 
lime, or putty made from high-calcium quicklime, 
should be used. Such putty should be soaked for not 
less than 24 hours and otherwise handled as prescribed 
in the appendix to the ASTM Standard Specification 
for Quicklime for Structural Purposes (C5-26). 
Third, when failures develop from use of insufficiently 
hydrated materials, costly repairs such as cutting out 
and repointing of mortar joints should be de layed, if 
possible, until the hydration of free oxide has ap- 
proached completion—otherwise new failures will 
develop and the repairs will have to be made again. 


For further details, see Cracking in masonry caused by 
expansion of mortar, by J. VW. McBurney, Proc. Am. Soc. 
Testing Materials 52 (1953) (in press). 


Phonograph-Needle Drag Distortion 


XISTENCE of a type of distortion sometimes aris- 
ing in phonograph reproducers—ordinary record 
players—that has apparently not been treated in avail- 
able literature has been demonstrated in a recent study 
by Jacob Rabinow and Ernest Codier of the National 
Bureau of Standards. The Bureau’s study shows that, 
if a phonograph needle can move longitudinally (tan- 





gentially) with respect to the groove of an ordinary 
laterally recorded disk, the needle will not follow per- 
fectly the lateral excursions of the groove, and “drag 
distortion” will result. In the playing back of recorded 
music, this distortion may result in spurious tones of 
greater amplitude than that of the tones originally 
present. 


Cathode-ray oscillograms 
made with dual-beam oscil- 
loscope, showing longitudi- 
nal motion of needle (top 
trace) and pickup output 
voltage (bottom traces). 
Left: 300-cps sine-wave re- 
cording, reproducing needle 
unrestrained. Right: Same 
recording, reproducing 
needle restrained longitudi- 
nally. Note great reduction 
of longitudinal motion. Be- 
cause of presence of other 
simultaneous distortion, the 
amount of distortion result- 
ing from longitudinal mo- 
tion could not be measured 
electricall¥ with available 
equipment. 
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Pickup, tone arm, and turntable used for experimental 
study of phonograph-needle drag distortion. Longitu- 
linal motion of the needle was measured by means of a 
frequency modulated oscillator mounted on the tone 
arm; longitudinal motion of the needle modulated the 
oscillator, but lateral motion did not. 


The essential mechanism of drag distortion is not 
lifficult to understand. The usual type of disk phono- 

raph record is recorded laterally, with the audio- 
frequency motion of the recording needle at right angles 
to the record groove. For ideal distortion-free repro- 
duction of recorded music or information, the motion of 
the tip of the playback needle, or stylus, should dupli- 
cate exactly the original lateral motion of the recording 
stylus. Provided the electrical output of the repro- 
ducing pickup is proportional to the lateral displace- 
ment of the reproducing stylus, the electrical output of 
the pickup will then be undistorted. But if forces 
acting on the stylus cause longitudinal motion, its lat- 
eral motion will no longer duplic ate exactly the motion 
of the recording stylus, which means that distortion 
will be introduced. 

Many possible causes for such longitudinal motion 
can be suggested. One is the well-known “pinch” 
effect due to the uneven width of the record groove. 
\nother is the varying force that the sides of the record 
groove exert against the stylus. A third is the change 
in friction with changes in the pressure and velocity of 
the stylus in the groove. 

The NBS study included both mathematical analysis 
and laboratory experimentation. The mathematical 
treatment indicates that, if the recording consists of a 
pure tone of constant amplitude, drag distortion will 
introduce only even harmonics with the second har- 
monic predominating. A sudden transition from one 
amplitude to another will produce a large change in the 
longitudinal force on the stylus, and this may be ex- 
pec ted to give rise to transient distortion if the needle 
is not properly restrained longitudinally. 

In the experimental work, a conventional crystal 
pickup with a replaceable steel needle was used. For 
some of the tests a thin steel wire was spot-welded to 
the needle near the tip; by tying back the needle tip 
with this wire, longitudinal motion could be minimized. 
\ dual-beam oscilloscope indicated simultaneously the 
output of the pickup and the longitudinal displacement 
of the needle tip. 

Two methods of measuring the longitudinal motion 
of the needle were tried. The first consisted in a 
photoelectric arrangement in which longitudinal motion 
of the needle modulated a beam of light. In the second 
and more satisfactory method, longitudinal motion of 
the needle frequency-modulated a 50-megacycle oscil- 
lator. Two small metal plates were mounte -d near the 
steel needle in such a way that the capacity between 
the plates varied with longitudinal motion of the needle 
but not with lateral motion. The plates were connected 
across the tank coil of the oscillator, and the resulting 
FM signal was picked up on a standard FM receiver a 





few feet away. With proper tuning, the instantaneous 
output of the receiver varied with the instantaneous 
longitudinal position of the needle tip. 

Various test records were reproduced with this ex- 
perimental equipment. Tests were made with record- 
ings of pure tones ranging from 20 to 10,000 cycles 
per second, of two different tones recorded simul- 
taneously, and of music. The unrestrained needle 
showed significant longitudinal motion, which sub- 
stantially verified the original hypothesis. With the 
equipment available, it was not possible to measure 
electrically the amount of distortion caused by this 
motion because of the simultaneous presence of other 
forms of distortion. It was possible, however, to de- 
termine the magnitude of the longitudinal motion and 
by computation to arrive at the character and amount 
of distortion attributable to this motion. 

Although the effects of drag distortion apparently 
can be serious with some pickups, the NBS investigators 
point out that the styluses of the better modern pickups 
have high longitudinal stiffness; which such pickups, 
drag distortion is probably negligible. 

The sc ope of both the mathematical analysis and the 
laboratory work was necessarily limited; however, the 
NBS work may serve as the basis for more rigorous 
investigation elsewhere. Although no tests were made 
on hill-and-dale (vertical) records and pickups, the 
same general considerations should apply as in the 
case of lateral recordings and reproducers. It appears 
prebable also that a form of drag distortion may arise 
in the recording operation if the recording stylus is not 
sufficiently rigid. 

The NBS investigation of phonograph-needle drag 
distortion was a by-product of the Bureau’s military 
research program. Telemetered information from ex- 
perimental weapons is frequently recorded on disks in 
the NBS ordnance development laboratories, and the 
distortions introduced in the recording and reproducing 
processes are sufficiently serious at times to cast doubt 
on the significance of indicated measurements. Anal- 
ysis of possible sources of error in these recorded 
measurements led to the study of distortion introduced 
by phonograph-needle drag. 


For further technical details and mathematical anal- 
ysis, see Phonograph needle drag distortion, by J. 
Rainbow and E. Codier, J. Acoust. Soc. Am., Vol. 24, 
Vo. 2 (March 1952). 
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Plastic model showing the relative 
wear on different areas of commer- 
cial shoe soles as determined by 


NBS. The height of each bar is 

proportional to the average wear for 

12 soles at the points indicated. 

The 12 commercial soles were used 

' as controls in service tests of soles 
impregnated with polyisobutylene 

: by the Bureau’s new process. The 

wear pattern illustrated by the model 


aids in the proper placing of rein- 
forcing materials in synthetic shoe 
soles. 


Butyl-Impregnated Leather 


HE PROCESS for impregnation of leather with 

natural rubber, which NBS developed in 1949, has 
recently been extended to permit the use of polyiso- 
butylene as an impregnant. Soles impregnated with 
this butyl polymer have the same greatly improved 
abrasion and water resistance as those containing rub- 
ber. However, polyisobutylene has a distinct ad- 
vantage over rubber as an impregnant in that it elim- 
inates the milling operation required to reduce the 
molecular size of natural rubber sufficiently to allow 
deep penetration. Its use also results in large savings 
of time, labor, and materials in the tannery. The 
butyl-impregnation process was developed by René 
Oehler, Sverre Dahl, and T. J. Kilduff of the NBS 
leather laboratory. 

Impregnation with the butyl compound merely re- 
quires soaking of the naturally porous leather in a 
solution of the polymer. The impregnating solution 
is prepared by dissolving polyisobutylene, having a 
molecular weight range between 50,000 and 100,000, 
in common solvents such as gasoline, kerosene, ben- 
zene, or chloroform. The leather is air-dried and im- 
mersed in the solution for about three hours. It is 
then removed from the solution, the excess solvent is 
wiped off, and the remaining solvent is evaporated 
from the leather. 

If vegetable-tanned crust leather is used and the 
grain or hair side of the leather is split off to a depth 
of about 40 mils before impregnation, penetration by 
the polyisobutylene is more rapid and uniform. This 
results in greater abrasion resistance, and the top grain 
split becomes a valuable by-product for use in luggage, 
upholstery, bookbinding, and other fine-leather appli- 
cations. Because vegetable-tanned crust leather re- 
quires less tanning and processing than does commer- 
cial sole leather, the butyl-impregnation process makes 
possible considerable savings not only in time and 
labor but also in expensive tanning materials, which at 
present are almost exclusively imported. 

NBS studies have shown that the butyl polymer is 
well suited for treating shoe soles and upper leather, 
as it reduces water absorption by about half and doubles 
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abrasion resistance. The Bureau carried out service 
tests in which the same individual wore one sole of 
butyl-treated vegetable-tanned crust leather mated with 
a control sole of untreated leather obtained from the 
same part of the animal and finished as commercial 
sole leather. Cross-mating of these matched soles 
eliminated any bias due to differences between right 
and left feet of the test personnel. Of the 12 pairs of 
soles tested, the control sole wore through before the 
butyl-impregnated sole in every case. The tests 
showed that the treatment increases wear by about 
80 percent. 

Research in materials and techniques for leather im- 
pregnation is continuing at NBS. Under the sponsor- 
ship of the Department of the Navy, the Bureau is also 
carrying on pilot-plant studies of butyl-impregnation 
processes. 

For further technical details, see Treatment of leather 
with polyisobutylene, by René Oehler, Sverre Dahl, and 


Timothy J. Kilduff, J. Am. Leather Chem. Assoc. 47, 
642 (1952). 


Comparative abrasion resistance of hutyl-impregnated 
and ordinary sole leather. (Open circles, untreated 
leather. Circles containing crosses, leather impregnated 
with 10-percent low-molecular weight butyl polymer. 
Closed circles, 11 percent of 2: 1 blend of low- and high- 
molecular weight polymer. Triangles, 17 percent of 
low-molecular weight polymer.) 
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Impact Resistance of 
Concrete 


\\ HILE considerable data have been collected on 

the strength of various types of concrete under 
static conditions, relatively little is known about their 
resistance to impact. Yet such information is of vital 
importance in the design of structures to withstand ex- 
plosive blasts and earthquakes. To obtain quantitative 
data, the NBS structural engineering laboratory is con- 
ducting an extensive study of the properties of concrete 
under impact in cooperation with the Bureau of Yards 
and Docks, Department of the Navy. In results ob- 
tained thus far, the dynamic compressive strength of 
concrete was found to be up to 84 percent higher than 
the static strength, and the modulus of elasticity up to 
47 percent greater. 

The compressive strength and modulus of elasticity 
of concrete are usually determined by tests of 6-by-12-in. 
cylinders under essentially static conditions. Data 
thus obtained are adequate for design calculations on 
structures subjected to static loads, ‘but may not give 
results applicable to impulsive loads in which the peak 
value and subsequent attenuation of the force may take 
place in a fraction of a second. Studies of the effect 
of loading rate on the elastic properties of plain con- 
crete have been until now confined to rates of straining 
less than 2 10-° in./in./sec. In the current study, 
directed by David Watstein, the rate of straining of the 
concrete has been over the wide range 10- © to 10 
in./in./sec., a range made possible by recent advances 
in the technique of measuring stresses and strains with 
bonded-wire strain gages. 

In the NBS investigation, 3-by-6-in. cylinders were 
subjected to standard static tests in a 60,000-Ib hy- 
draulic machine and to impact tests in a specially 
designed drop-hammer machine at various rates of 
loading up to 10 in./in./sec. The total duration of 
the impact corresponding to the latter rate of loading 
was 0.003 sec. “Softer” impact tests having a duration 
of about 1 sec. were made in a hydraulic machine 
running at full speed. Two types of concrete were 
used: a “weak” concrete of 2,500-psi nominal static 
compressive strength and a “strong” concrete of 6,500- 
psi nominal static compressive strength. 

The drop-hammer machine consisted essentially of a 
3,200-lb steel anvil for supporting the test specimen, 
a 140-lb drop-hammer, and a device for catching the 
hammer on the rebound. The hammer tip, which 
made contact with the test specimen, had a flat surface. 
Four compression springs supported the anvil, which 
was limited in its travel by four shock absorbers and 
two rubber buffers between the bottom of the anvil and 
the concrete base of the machine. The anvil was con- 
strained to motion in a vertical plane by means of two 
hinged sway plates, one at each end of the anvil, which 
were anchored to the concrete wall back of the machine. 

The maximum height of drop was 5.5 ft, and the 
maximum velocity of the hammer was about 19 ft/sec. 





The drop-hammer machine used at NBS for investigating 
the properties of concrete under impact consists essen- 
tially of a 3,200-Ib. steel anvil for supporting the con- 
crete test specimen (bottom), a 140-lb. drop-hammer 
(center), and a device for catching the hammer on the 


rebound (cylinder, top center). The shield at left is 
placed over the specimen during a test drop. 


Various types of rubber buffers placed on top of the 
capping plate of the specimen controlled the duration 
of impact. 

Forces were measured by four type-C3 bonded-wire 
strain gages arranged around the periphery of a cylin- 
drical dynamometer. The gages were attached to the 
dynamometers with nitrocellulose cement and dried in 
air several hours before curing in an oven at a tempera- 
ture of 60° C. Upon removal from the oven, the gages 
were coated with hot cerese wax to protect the nitro- 
cellulose cement from the effects of atmospheric mois- 
ture. Similar gages on the concrete test specimens 
provided the strain measurements. 

The outputs of the bonded-wire strain gages on both 
dynamometer and specimen were fed into a dual-chan- 
nel cathode-ray oscilloscope. The single-sweep trigger, 
which initiated the driven sweep of “the oscilloscope, 
delivered an external synchronizing pulse in response 
to the closure of a pair of external contacts by the drop- 
hammer. The duration of impact ranged from 0.004 
to 0.0003 sec. The oscilloscope data were recorded 
on 35-mm film with a fixed-focus camera having an 
f-3.5 lens. The time base was furnished by an audio- 
frequency oscillator, which modulated the intensity of 
the beams so that the beam traces became dotted lines; 


45 








the modulating frequency was varied from 5000 to 
20,000 cps, depending on the duration of the test. In 
the softer impact tests, the measurements were made 
with a 4-channel carrier-type bridge and recording 
oscillograph. 

The dynamic compressive strength of a given type of 
concrete was found to be higher than the static c ompres- 
sive strength, becoming re sJatively greater as the dura- 
tion of impact decrease sd. The ratio of the dynamic to 
static strength for the “weak” concrete ranged from 1.09 
for a 0.9-sec impact to 1.84 for a .00025-sec impact. 
The corresponding ratio for the strong concretes ranged 
from 1.13 for the longer impact to 1.85 for a .00043-sec 
impact. 

The modulus of elasticity of the concrete was 
affected in a manner similar to that of the strength, 
that is, the ratio of dynamic to static modulus increased 
as the duration of impact decreased, reaching a max- 
imum of 1.47 for the “weak” concrete and 1.33 for the 
“strong” concrete. The linear portions of the stress- 
strain curves became longer and steeper as the dura- 
tion of impact was decreased. The ratio of strain 
energy absorbed under dynamic loading to that ab- 
sorbed under: static loading reached a maximum of 
about 2.2 for both concretes tested. 

The significant increases in compressive strength, 
elastic moduli, and ability to absorb strain energy 
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AVERAGE RATE OF STRAINING, IN./IN. PER SECOND (LOG SCALE) 


Effect of strain rate on compressive strength and modulus 

of elasticity. Dynamic strength of concrete, fa; static 

strength of concrete, fs; dynamic modulus of concrete, 

secant value, Ea: static modulus of concrete, secant 
r oto 3” cr’ 

value, Es; “‘weak”’ concrete, ; “strong” concrete ®@. 


under impact loading are of importance to the designer. 
Further studies of the effect of impact on concrete in 
flexure are in progress to enable the designer to take 
account of the potential saving of material in structures 
to be erected where they may be subjected to earth- 
quakes, to bomb blasts, or to similar impact loading. 


Determining Orientation of Metal Crystals With 


Polarized Light 


NOWLEDGE of the orientation of crystals of 
metals is often of practical importance, but no 
generally satisfactory method has been available for 
dete rmining the orientation of the small crystals found 
in commercial metals. Because of the need for such a 
method, NBS is investigating the possibility of esti- 
mating crystal orientation from measurements of 
changes in the characteristics of polarized light. The 
work is being conducted by H. C. Vacher of the Bu- 
reau’s mechanical me tallurgy laboratory. Results so 
far indicate that in the case of the industrially im- 
portant alloy of 70 nickel and 30 copper (Monel) 
crystal orientation can be correlated with extinctions 
of polarized light. 

Commercial metals are composed of aggregates of 
small crystals or grains. The magnitude of many im- 
portant properties—such as strength, elasticity, and 
magnetism—differs in different directions in these small 
crystals. In some specimens of some metals the 
orientations of the individual oe do not follow a 
random distribution; instead, a “preferred orienta- 
tion” predominates, and the weal properties of the 
metal vary with direction. Also, the orientations of 
adjacent crystals influence their interactions when the 
aggregate is subjected to strain, heat, or corrosive 
environment. 

X-ray diffraction methods of determining crystal 
orientation have been attempted but cannot be applied 
conveniently to small crystals. The metallurgical 
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microscope is convenient for observing small crystals, 
but its use is generally limited to showing differences in 
orientation qualitatively. In recent years these micro- 
scopes have been equipped so that the specimen can be 
illuminated with plane-polarized light. When a metal- 
lographically polished and optically active surface is 
examined with such an arrangement, characteristics of 
reflected polarized light change measurably from crystal 
to crystal. 

In the commercial metallographic microscope used 
for the NBS study, the analyzer is fixed in the crossed 
position with respect to the polarizer, and the light 
irradiates the polished surface of the specimen at nor- 
mal incidence. Under these conditions, when an opti- 
cally anisotropic surface is rotated 360 degrees around 
the axis of the incident beam, four minima (extinc- 
tions) and four maxima will alternately appear in the 
intensity of the reflected light. 

Although metals having a cubic crystal structure are 
not inherently optically anisotropic, the surfaces of 
many such metals—including Monel—become optically 
anisotropic after etching with conventional metallo- 
graphic reagents. The angular positions of the polar- 
ized-light extinctions of Monel differ from adjacent 
crystals, and it was found that these positions remained 
the same after repolishing and re-etching. It seemed 
to follow that the apparent optical anisotropy. being 
thus independent of the etching treatment, could prob- 
ably be correlated with crystal orientation. 
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Examination of annealed Monel specimens showed 
lusters of crystals in which each crystal was adjacent 
o at least one annealing twin. (A twin relationship is 
ndicated in a polished and etched surface when two 
‘rystals are separated by a straight line.) It was also 
observed that some of the cluste ‘rs contained a crystal 
with straight-line boundaries in four different direc- 
ions. This made it possible we a ‘termine the orienta- 
tion of that crystal from geometry and a knowledge of 
the angular relationships of the twinning planes and 
the coordinate axes of the c rystal. In the Monel crys- 
tal the twinning planes and coordinate axes are the four 
octahedral planes and the three cubic axes, respec- 
tively. After determination of the orientation of one 
‘ rystal it was possible to determine the orientations of 
the twinned crysals. The orientations of 12 crystals 
were determined and their extinction positions 
measured. 

Polarized light reflected from polished and etched 
surfaces that were parallel to a cubic plane or an 
octahedral plane changed but little in intensity with 
rotation of the specimen. Surfaces of other orienta- 
tions, however, gave extinctions the positions of which 
could be measured with a fair degree of accuracy. Re- 
sults showed that one of the four extinctions was near 
the cubic pole which was inclined to the surface at the 
smallest angle. 

The NBS study also indicates that the optical ani- 
sotropy exhibited by Monel is caused by parallel fur- 
rows in the surface and not, as has sometimes been 





Below: Photomicrographs (50) of 70 nickel-30 copper alloy (Monel) made with polarized light in an NBS inves- 
tigation. Left and right photomicrographs were made after the first and second polishing treatments, respectively. 
The close similarity of the shadings of the individual crystals indicates that the apparent optical anisotropy is repro- 
ducible. The Bureau’s study shows that the orientation of Monel crystals can be correlated with extinctions of 
polarized light. Above: Photomicrograph (50) of the same alloy showing 12 erystals whose orientations the 
Bureau was able to determine from the angles between their twin boundaries. Twin boundaries are straight lines 


and are traces of octahedral planes. The boundaries 1-2, 1-3, 1-4, and 1—5 are the traces of the four octahedral 
planes in crystal 1. 
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suggested, by a film. The furrows are apparently 
formed by the tendenc y of the etching reagent to pro- 
duce etch pits the facets of which are parallel to cubic 
planes. 


For further technical details, see A correlation of 
polarized light extinctions with orientation in 70 
nickel-30 copper alloy, by H. C. Vacher, J. Research 
NBS 49, 149 (Sept. 1952): reprinted as NBS Research 
Paper 2351, 10 cents from Superintendent of Documents. 
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